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ABSTRACT.- Diyrnal grouping in a population of Pyrenean chamois Rupicapra
P- pyrenaica wws studied by direct obserontion on the edge of their westernnost
distribution. The whole aren occupied by a population was surveyed by performing
monthly fixed transects cver one year. The size of 214 groups ranged from 1 to 54, Both
size and composition were quite variable and differed befween seasons and habifais.
Groups were generally very small (45% of only one animal, median: 2; P, =4), which is
characteristic of small and low density forest-duwelling populations. Groups appeared to
depend strongly on the annual biological cycle, food distribution and vegetation cover. The
spatial segregation between mnles and females was only evident in the sunmer, when
sofitary males mostly eccupied the forest and females with kids Ttved on open pasturelands.
Al the general patierns on size and consposition of te groups occured in this population.

RESUME - Par la voie de 'observation directe nous avons étudié le grégarisme
Journalier chez une population d'isard (Rupicapra p. pyrenaica) it la limite occi-
deniale de I'aire de répartition de Pespice. La surface complidte oceupde a 8¢ suivie
par de trajets fixes mensuels durant un an. La iaille des différents troupeaux a varié
de 1 & 54 individus. De méme, la composition éiait Sgnlement tris variable et chan-
geait d'une saison & Uautre ou d’un habitat & Uautre. De manidre géndrale, les frou-
peaitx étaient trés petits (45% de sewlement un animal, moyenne : 2 ; P=5), c'vst
la cavactéristique des petites populations, i basse densité et vivant en fordt. Les grou-
pes étaient fortement conditionnés par le cycle annuel, In distribution des ressources
alimentaires et le recouvrement végétal. La ségrégation spatiale entre mdles et fome-
lles avait liew senlement en été, moment ol les mitles solitaires occrpaient surtont In
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forét tandis que les femelles avec les petits préféraient les phturages ouverls,
Concernant la taille ef la composition des troupeausx, tous les patrons géndraux ont
éié mis en évidence sur cetle population.

RESUMEN.- Se estudit por obseroacidn directa el gregarismo diurno en una
poblacion de sarrie Rupicapra p. pyrenaica en el lfmite occidental de distribucién
de la subespecie. La totalidad del drea ocupada fue objeto de sequintiento a partir de
recorridos fijos mensuales durante un afio. El lamafio de 214 grupos fue de 1 4 54
individuos, Tamafio y composicion fueron mity variables y diferian entre estaciones y
hdbitats. Los grupos eran generalmente muy pequetios (45% de solamente un animal,
mediana: 2; F=d), lo que es caracteristico de poblaciones pequefias, de baja densidad
y hdbitat boscoso. Los grupos dependian fuertemente del ciclo anual, distribucién de!
alimento y cobertura vegelal. La segregacitn espacial entre machos y hembras ocurria
solamente en verano, cusnds los machos solitarios ocupaban principalmente el bosque
 las hembras con crias vivian en pastos abiertos. Todos los patrones generales refe-
renles @ tamarie y composicion de los grupos, se observaron en la poblacion.

Key-words: Rupicapra pyrenaica pyrenaica, Pyrenees, group size and composi-
tion, seasonal and habitat variation, biological cycle.

1. Introduction

The genus Rupicapra is today considered divided into two species: R. pyre-
ngica, living naturally in the Pyrenees, Cantabrian Mountains and Abruzzo;
and R. rupicapra, in the Alps, Tatra Mountains, Anatolia, the Caucassus and
several European massifs (NASCETTI &t al., 1985).

The Pyrenean chamois Rupicapra pyrenaica pyrenaica (CABRERA, 1914;
NASCETTI et al,, 1985), is a gregarious, lowly dimorphic, cliff-dwelling
mountain ungulate living exclusively in the Pyrenees mountain chain and
totalling today about 40,000 animals (HIDALGO et al., 1995).

Recently, the interest for this important primary consumer in Apennines,
Alps and Pyrenees and the possibilities for its ethological study as it is easily
sightable, has allowed to undertake several studies on the genus, considering
different aspects of its biology (ELSNER-SCHACK, 1985; RICHARD-
HANSEN et al., 1992). One of the subjects that has driven more attention has
been social structure or grouping (RICHARD-HANSEN, 1992; BON et al.,
1992} i. e. the spatial and temporal interaction of the different age and sex
classes of a population. This is a characteristic of many ungulate species,
which aggregate or disperse as a result of environmental and ethological fac-
tors, which show variable group size and composition in response to envi-
ronmental and ethological factors.

The kind of group in each particular moment is due to satisfy individual
requirements, the kind of aggregation being optimal under a given circum-
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stance, even if to a certain extent chance can be important. The size and com-
position of the groups respond to a variety of factors (GEIST, 1974), as differ-
ent as habitat (ALADOS, 1985; ELSNER SCHACK, 1985); food (SCHALLER,
1977; BERDUCOU, 1974); population density; sexual behaviour; differential
“sociability” of sexes and ages (RICHARD-HANSEN, 1992); antipredatory
behaviour (GEIST, 1974; SCHALLER, 1977), etc. As a result, ungulates nor-
mally show a great variability in their grouping patterns, even inside the
same species (RICHARD-HANSEN, 1992; MAUBLANC et 4., 1987; EDGE &
OLSON, 1990). Chamois show a plastic social structure, in relation with sex,
density and seasons. The research on this subject allows to understand the
influence of the factors affecting group’s size and composition. In spite of this
great variability, the main relationship is mother-kid and can go on until the
second year of the kid’s life (RICHARD-HANSEN, 1992). The greater season-
al variations are shown by male sociability, which can be solitary, live in male
groups (BERDUCOU & BOUSSES, 1985) or in mixed groups (only subadult
males in the case of Appennine chamois, (LOVARI & COSENTINO, 1986).

This flexibility makes grouping a reflection of biclogical and environmen-
tal factors, and allows researchers and managers to use it as as an indicator of
the population status in a given environment. It is also easy and quick to use,
which makes it attractive for management and long-term monitoring.

The aim of this work is to describe the diurnal social strategy of a popula-
tion of Pyrenean chamois during one annual cycle, living in a predominantly
forested habitat and representing the westernmost range area of the subspecies.

2. Material and methods

The study was conducted in Larra-Belagoa Nature Reserve, a protected
area of 57400 ha, in a rugged karstic relief the southwestern Pyrenees (Region
of Navarre, Spain). The altitude ranges from 1100 to 2442 m a. s. 1, annual pre-
cipitation reaches 2000 mm per year, and the annual mean temperature at
1500 m a. s. 1. is 7°C. During our field work there was particularly low snow
precipitation.

The Pyrenean chamois is not hunted in this area and is considered
“Vulnerable” in the Navarrian Regional List of Endangered Species.
Demographic population characteristics are as follows: a total count of about
110 animals with a density of 5.2 km? and a sex-ratio of 0.63 males per female
(GARIN & HERREROQ, 1997). In its westernmost distribution limit the sub-
species is limited to the Natural Reserve. Other wild ungulates present are
wild boars Sus scrofa and roe deer Capreolus capreolus. Sheep, cattle and horses
are present from June to October in the supraforestal pastures, above timber-
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line. A small group of less than 50 domestic goats were found there all year
long. The Reserve has a low human frequentation, at least considering the
Chamois range, so animals are not habituated to the human presence.

From February 1992 to January 1993 at least four monthly surveys were
undertaken. The surveys were done on foot, on skis and snowshoes during
the period of snow, which lasted 5.5 months, and were carried out from sun-
rise to mid afternoon. When heavy snow was present, the surveys did not
reach the higher altitudes, but observations where made from fixed points.
We assumed that the surveys were representative of available habitats and
altitude range in the study area in each month of the year.

We have used SCHALLER's (1977) definition in which a group is an
aggregation of individuals occupying the same patch of habitat, with sensorial
contact between them, and more or less coordinated in their movements. We
consider also as a group one solitary animal.

Group recording was done with the scan-sampling method (ALTMANN,
1974), using 8 x 30 binoculars, spotting scopes (20-60} and altimeters.

Although the survey was carried out monthly, we grouped the data into
bimonthly periods to increase the statistical power of the tests due to the small
monthly samples. Dividing the year into bimonthly periods yields more natu-
ral units which are easily related to the Chamois annual cycle, and have
already been used by other authors for the species (ELSNER SCHACK, 1985).
The two-month periods were: Early Winter (January and February), Late
Winter (March and April), Births (May and June), Summer (July and August),
Autumn (September and October) and Rut (November and December).

Chamois were classified by age and sex considering their morphological
characteristics: adult males, adult females, yearlings and kids.

Habitat units were defined from a vegetation map (ELOSEGUI ¢t al., 1986).
The dominant types were: Mixed Beech Fagus sylvatica and Fir Abies alba
Forest (Beech and Fir); Beech and Fir with Mountain pine Pinus uncinata
(Beech and Pine); Mountain pine wood (Pine); Cliffs {Rocks) and Meadows
{Pasture). The mountain pine habitat is a clear forest with rocks and a dense
herbaceous layer.

To describe the social structure we considered size (number of animals in
the group) and composition (sex and age) of the groups, habitat used and
bimonthly peried of the year. Every animal was considered as a unit (PUT-
MAN, 1986).

We used non-parametric tests due to the non normal distribution of data.
Group’s size variation was tested through the median test, recommended for
highly assimetrical distributions (CLUTTON BROCK et al., 1982; ELSNER
SCHACK, 1985; LOVARI & COSENTINO, 1986; FOX et al., 1992; PEREZ-
BARBERIA & NORES, 1994).
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3. Results

A total of 214 groups were recorded, totalling 837 chamois. The most fre-
quent group was one individual {45%). Sightings of large groups were scarce:
only 4 groups were bigger than 20 animals (1.9%). The maximum group size
was 54. Median group size was 2, and percentil 75 (P,;) was 4 (Figure 1).

Group size differed considering habitats (Median test: x’=8,68; N=837;
p=0.035) (Table 1). In the Beech and Fir forest, groups were smaller than in
Pasture and Rocks, which represent the open habitats. In the Pine forest
group size was more homogeneous than that in Rock and Pasture. Pasture
showed also the biggest aggregations.

There was a significant difference between the size of the groups in
bimonthly periods (Median test: x* 90.2; N=837; p=0.009). Births is the most
variable season regarding group size (Table 2). This period shows the small-
er and the larger groups.

Regarding group composition, only 142 groups were considered as the sex
and age of all their animals were recorded. Of the 17 possible aggregation
combinations of the four categories of sex and age, only 13 were found. We
grouped them into six new ones: Jonely males; all-male groups; mixed group
[females with kids, males (mostly 1) and eventually yearlings]; matriarcal

=37

1 2 3 4 6§ &6 7 4 9 10 11 12 13 14 17 W 20 33 35 54

Figure 1. Grouping patterns of Pyrenean chamois in Larra-Belagoa Natural Reserve.
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group (females with kids and eventually yearlings); solitary females and
yearling groups (of one or more yearlings) (Table 3).

Populations’ group composition varied along the year. All-male groups
are scarce and small, with generally only 2 males. Solitary males groups
appeared all year long, specially during rut, and were minimal at the end of
the winter. Lonely females are less frequent than lonely males. Lonely females
appear specially during births period. Matriarcal and mixed groups total 50%
of the groups, and have similar proportion of occurrence. Matriarcal groups

Table 1. Group size in relation to habitat by Pyrenean chamois in Larra-Belagoa Natural Reservation.

HABITATS GROUPS MEDIAN MODE AVERAGE MAXIMUM P, TOTAL
BEECH 3 1 1 1,3 2 2 4
BEECH AND PINE 22 1 1 1,9 8 3 43
PINE 98 2 1 34 35 3 336
PASTURE 69 3 1 52 54 7 357
ROCKS 2 2 1 4.4 14 7 g7
TOTAL 214 2 1 3.9 54 4 837

P, percentil 75.

Table 2. Seasonal group size by Pyrenean chamois in Larra-Belagoa Natural Reservation.

PERIODS GROUPS MEDIAN MODE AVERACE MAXIMUM P, TOTAL
EARLY WINTER 29 2 1 414 18 5. 120
LATE WINTER 14 3 3 321 8 4 45
BIRTHS 37 1 1 4.54 54 1 168
SUMMER 42 2 1 381 17 3 160
AUTUMN 52 25 1 429 35 5 223
RUT 40 2 1 3.03 10 4 11
TOTAL 214 2 1 4 54 4 837

P..: percentil 75,

Table 3. Seascnal group structure by Pyrenean chamois in Larra-Belagea Natural Reservation.

EARLY LATE
GROUPS WINTER WINTER BIRTHS SUMMER RUT AUTUMN TOTAL (%)}
{N=21) {(N=8) (N=25) (N=27} (N=26) (N=35) {(N=142)
SOLITARY MALES 7 1 6 5 12 8 39 {28%)
ALL MALE 1 0 0 1 1 3 6 { 4%)
MIXED 5 5 4 2 7 1 34 (24%)
MATRIARCAL 4 2 2 13 4 12 37( 26%)
SOLITARY FEMALES 3 0 9 5 2 1 20{14%)
YEARLINGS 1 ] 4 1 ] 0 6{ 4%)
| TOTAL 21 & 25 27 26 32 139
N number of groups.
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are more common during summer and less frequent during the rut. Mixed
groups occur all year long, with a minimum during summer and a maximum
at the end of winter. Mixed and matriarcal groups have an inverse, beeing
mixed groups minimal and matriarcal maximal in summer. Lonely or year-
ling groups are also scarce and appear frequently in matriarcal or mixed
groups. Yearling groups are more frequent during the births period.

4. Discussion

Larra-Belagoa’s Pyrenean chamois social structure changes throughout
the year as response to the variations in resource and food availability and
reproductive cycle. Due to the small sample and low population density the
most unfrequent aggregations do not happen. There are no stable groups but
a general trend of each sex and age which to associate with itself (RICHARD-
HANSEN, 1992). There is also a great sociability of all the sex and age class-
es as most of the possible aggregations were found.

Open habitats favour big groups and forest small ones. This seems to be
the rule for different ungulate species (GERARD ef al., 1992). Forests and
rough relief, favour small groups as sight contact between individuals is more
difficult at great distance, while open environments help to form large ones
{CLUTTON-BROCK et al., 1982).

Food supply is also an important factor. When it is concentrated produces
an attraction on individuals and consequently promotes the formation of
large groups (ELSNER-SHACK, 1985). If it is dispersed as happens in winter,
groups should be small (BERDUCOU, 1974}. Theoretically, considering what
happens in other populations, food in winter is scarce and scattered and con-
sequently groups are small (BERDUCQU, 1974), because small groups dimin-
ish food competition (MAUBLANC et al., 1987). Nevertheless, in spring and
autumn, food availability is higher and groups bigger. During summer big
agregations occur, because of the Chamois concentration in preferred feeding
areas (GARCIA-GONZALEZ et al., 1985).

Antipredatory behaviour in open environments should favour large groups,
as this increases individual efficiency. Even sex-ratio and productivity are demo-
graphic aspects that may determine social patterns (RICHARD-HANSEN et al.,
1992) which in turn are affected by density. Finally, density is one of the most
important social factors. High density promotes large groups, male groups and
large matriarcal groups (BERDUCOU & BOUSSES, 1985; GERARD et al., 1995;
PEREZ-BARB & NORES, 1994), though this was argued by LOVARI &
COSENTINO {1986). This should diminish spatial segregation between sexes
and ages and consequentty their competition (COUTURIER, 1962).
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In Larra-Belagoa, large groups appear from May to September and the
larger ones in summer (RICHARD & MENAUT, 1989). There is a relative
homogeneous small group size all year round except in the Births period,
which exhibit the smaller and bigger groups (RICHARD & CAMPAN, 1992).
This is because females split before parturition (GONZALEZ & BERDUCOU,
1985} and aggregate afterwards, making kindergartens with the new born
kids. It is probably an antipredator behaviour in the period in which youngs
are more vulnerable, where kid care is optimized, diminishing also the time
spent in vigilance and increasing feeding activity (PEPIN & LAMERENX,
1995). We must notice that the population showed a different annual habitat
use compared with the general pattern, with a less marked seasonal migra-
tion and a mainly forest use all year long (HERRERO et al., 1996) which deter-
mines the existence of smaller groups.

Mixed groups occur all year round, and not only during rut. Males show
a keeping behaviour with respect to females that goes much further than a
simple spatio-temporal coincidence. In the Appennines, mixed groups repre-
sent two thirds of the total groups (LOVARI & COSENTINQ, 1986). A possi-
ble justification of mixed groups abundance during all the year is low densi-
ty. In the Alpine ibex Capra ibex, COUTURIER (1962) found the same situa-
tion. NIEVERGELT (1974) relates this situation with habitat in the [bex and in
the Walia ibex Capra walize. In other partial surveys carried out in the
Pyrenees its absence or scarcity during summer had led to believe that this
was the general pattern outside the rut (GARCIA-GONZALEZ, 1985;
GARCIA-GONZALEZ et al., 1987).

The low male sociability may be the reason for which they are more
solitary. Solitary males are more common than lonely female ones and
male groups are scarce. Due to the high density in the near French
Pyrenees National Park, male groups are common and concentrate up to
64 (GONZALEZ & BERDUCQOU, 1985). In this case males are predomi-
nantly solitary or in all-male groups as in other populations (RICHARD &
MENAUT, 1989; GONZALEZ & BERDUCQU, 1985) and at the same time
form small groups (LOVARI & COSENTINO, 1986). The low frequency of
male groups could also be explained by low density (BERDUCOU &
BOUSSES, 1985) as in low density areas they are normally rare and smail
(RICHARD & MENAUT, 1989), even though other authors disagree point-
ing out other posible reasons {(LOVARI & COSENTINOQ, 1986). LEVET &
PEPIN (1994) concluded that sociality was higher in young males in a very
high density population (over 30 Pyrenean chamois km?).

The male social seasonal variability is responsible for the variation in the
proportion of male, mixed and matriarcal groups. The higher frequency of
lonely males and all-male groups is during rut. In the Appennines the all-
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male groups appear only during rut and are normally young animals. The
reason could be an exclusive participation of old males in the formation and
care of harems (LOVARI & COSENTINO, 1986). This could be the pattern in
our study area, a non-hunted and ‘longeve’ population with old males par-
ticipating in reproduction and youngs that are kept apart meeting in all-male
groups. In the Cantabrian chamois Rupicapra pyrenaica parva no all-male
groups were found during rut in a hunting reservation, probably because
only the supraforestal portion of the population was beeing surveyed
(PEREZ-BARBERTA & NORES, 1995). Another posibility is that all the males
were participating in the reproduction since the population was hunted prob-
ably sex-ratio should be balanced towards females.

Males show a summer spatial and social segregation {in the sense of BON
et al., 1992) as in other Chamois populations (Alpine chamois, SHANK, 1985;
Apennine chamois, LOVARI & COSENTINO, 1986; Pyrenean chamois,
GERARD & RICHARD-HANSEN, 1992; GARCIA-GONZALEZ & HIDALGO,
1989; Cantabrian chamois, PEREZ-BARBERTA & NORES, 1994) though there
is not a marked social segregation during the rest of the year, compared with
other populations. This pattern means that there is an antagonic variation in
the proportion of mixed and matriarcal groups, suggesting a spatial segrega-
tion of males and females with kids when food availability is a higher. This
situation can favour males (SHANK, 1985) or lactating females (ESCOS &
ALADCQS, 1992), to occupy the best feeding areas. Other authors find an alti-
tudinal segregation also in winter (LOVARI & COSENTINQ, 1986). In the
particular case of Larra-Belagoa feeding areas can be considered of similar
feeding quality as both the herb layer of the mountain pine forest and the
open pastureland are rich and dense during summer. However the forest rep-
resents a safer habitat.

At the end of winter, male integration in female groups reaches its higher
value and the male groups its lower. This minimal segregation is probably a
response to food scarcity.

Yearling groups are rare. Their frecuency is higher when yearling males
are theoretically chased from mixed and matriarcal groups (GONZALEZ &
BERDUCQU, 1985).

Harem size is small because of the low density and proportional sex-ratio.
Open habitats with higher visibility represents better areas to keep harems for
males which can control females and other opponent males more easily as
hapens in Red deer Cervus elaphus (CLUTTON-BROCK et al., 1982).

The comparison of social structure between chamois populations is diffi-
cult. Most studies have not been carried on during a whole annual cycle or
have not been undertaken also in the forest, which is used mainly in the snow
period. Demographic parametres are also commonly lacking. They are
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important to understand the social pattern in that particular population
(GERARD & RICHARD HANSEN, 1992): absolute abundance, total census,
density, fertility and sex-ratio. This allows to know the relative proportion of
the age and sex classes, that exhibit different level of sociality.

Considering a predominantly forested habitat, low density, few animals, a
high sex-ratio and the rough relief; we should expect to find small groups
(GONZALEZ & BERDUCOU, 1985), small and highly frequent all-male
groups and low spatial and social sex segregation (RICHARD-HANSEN,
1992). This general pattern has occurred. Some hypothesis on general patterns
of social structure as the idea that small groups should appear in closed habi-
tats and low density populations happen in Larra-Belagoa, though others do
not, because female with kids, yearlings and males are frequent, and sex ratio
does not lead to a high frequency of all-males groups (GERARD ef ai., 1995),
may be because other demographic features are missing in the model.

Finally, the coincidence between the theoretical and the real social struc-
ture pattern, depending on the environment and demographic parametres
mean that grouping can be an important diagnosis of the social and popula-
tion status. Its aplicatipon in census and long time monitoring could be very
useful.
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